Mucocutaneous ulcers associated with the Epstein Barr virus constitute an EBV-induced B-cell lymphoproliferative disorder first described in 2010 by Stefan D. Dojcinov et al. These lesions can occur in association with a spectrum of immunosuppressive conditions, including primary immune deficiency, Human Immunodeficiency Virus (HIV) infection, post-transplantation and the use of methotrexate or tumor necrosis factor-alpha (TNF-a) antagonists. Patients clinically present with slowly developing indurated cutaneous and/or mucosal ulcers, especially in the oropharynx. Histopathology reveals circumscribed ulcers containing a mixture of lymphocytes, plasma cells, histiocytes, eosinophils and large transformed cells resembling Hodgkin and Reed-Sternberg cells. The adjacent squamous epithelium presents reactive nuclear atypia and pseudoepitheliomatous hyperplasia. The large transformed cells show positivity for CD20, CD30, Oct-2, PAX5 and EBV. These cells are also positive for MUM1, yet lack CD10 expression, with absent or focal positivity for BCL6. Despite the presence of highly atypical cells, the clinical course is indolent, without progression to disseminated disease. We report herein two cases of diagnosed EBV-positive mucocutaneous ulcers to add to the relatively few cases previously described in the literature.
Background
Mucocutaneous ulcers positive for the Epstein Barr Virus (EBVMCU) are a newly recognized clinicopathological entity in the 2017 revision to the World Health Organization diagnostic criteria. (Swerdlow et al., 2017) This condition was described as a lymphoproliferative lesion associated with isolated skin or mucosal ulcers in elderly or immunosuppressed patients. Since 2010, 53 cases have been published. (Dojcinov et al., 2010; Au et al., 2006; Kalantzis et al., 1997; Deeming et al., 2005; Del Pozo et al., 2001; Kazlow et al., 2003; Nalesnik et al., 1988; Warner et al., 2008; Lawrence & Dahl, 1984; Hashizume et al., 2012; Au et al., 2011; Kleinman et al., 2014; Moran et al., 2015; Yamakawa et al., 2014; Attard et al., 2012; Matnani & Peker, 2014; McGinness et al., 2012; Di Napoli et al., 2011; Hart et al., 2014; Kanemitsu et al., 2015; Sadiku et al., 2012; Magalhaes et al., 2015; Soni et al., 2014; Mendes et al., n.d.; Roberts et al., 2016) Ninety percent of the adult population become infected with the Epstein Barr virus via the oral route, (Aldridge et al., 2017) and most infections occur early in life. In adulthood, EBV can persistently infect B-cells. The viral genes can upregulate a variety of cellular antigens and pathways, such as NF-kappaB. Physiologically, the proliferation of B cells induced by EBV infection is generally controlled by the immune system. In patients suffering from various causes of immunosuppression (IS), EBV has been associated with B-cell lymphoproliferative disorders (LPD). (Dojcinov et al., 2010) EBV-LPD is associated with many etiologies, including primary immunodeficiency, HIV infection, post-transplantation (Gru & Jaffe, 2016) , immunosenescence owing to aging and iatrogenic causes, such as methotrexate and TNF-alfa antagonists. The spectrum of age-related EBV-positive lymphoproliferative disorders was first described by Oyama and colleagues, and can occur in elderly patients without a history of immunosuppression. (Oyama et al., 2003) EBVMCU was described, in 2010, as localized sharply circumscribed ulcerative lesions, typically solitary (83%), that can occur in the oropharynx (52%), skin (29%) or gastrointestinal tract (19% -40% colon, 30% esophagus, 20% rectum and 10% terminal ileum) (Roberts et al., 2016) . It occurs more commonly in women, around a mean age of 77. Isolated regional lymphadenopathy can accompany these ulcers, yet usually in the absence of systemic findings. (Gru & Jaffe, 2016) The diagnosis of EBVMCU requires a combination of clinical, morphological and immunophenotypic parameters.
The histopathologic features of EBVMCU usually consist of a well-circumscribed ulcer with a polymorphous infiltrate containing histiocytes, eosinophils and plasma cells, large pleomorphic blasts resembling Hodgkin Reed Sternberg (HRS)-like cells, numerous medium-sized T-cells, plasmacytoid apoptotic bodies, as well as angioinvasion and necrosis. The large pleomorphic blast cells express CD20, CD30, CD15, PAX5, OCT2, MUM1, BOB1 and CD45, with a background of lymphocytes positive for CD3, CD4 and CD8. Reduction or absence of CD20 expression is observed in 33% of cases. These large atypical cells are positive for the latent membrane protein-1 of EBV (LMP-1). The presence of a high Ki67 proliferative index does not exclude the diagnosis of EBVMCU. (Gratzinger & Jaffe, 2016) Although considered a self-limited disorder, monoclonality studies investigating immunoglobulin and T-cell receptor (TCR) gene rearrangements by PCR-based genotyping showed monoclonal immunoglobulin heavy chain or kappa light chain gene rearrangement and monoclonal TCR gene rearrangement in some cases. (Dojcinov et al., 2010; Au et al., 2006; Moran et al., 2015; McGinness et al., 2012; Hart et al., 2014; Kanemitsu et al., 2015; Roberts et al., 2016; Gru & Jaffe, 2016; Gratzinger & Jaffe, 2016; Stojanov & Woo, 2015; Asano et al., 2009; Shimoyama et al., 2009) . Patients with EBVMCU present typically undetectable EBV DNA in peripheral blood, in contrast to many other types of EBV-associated LPDs. (Hart et al., 2014) Typically, EBVMCU presents an indolent course. While no treatment guidelines exist, management tends to be conservative and, in cases related to the use of immunosuppressants, the withdrawal or decrease in immunosuppressant dosages is common. Nearly two-thirds of immunosuppressive-associated cases evolved to complete clinical remission exclusively by dosage reduction, with a median time to lesion resolution of four weeks (range: 2-12 weeks). A lack of response to immunosuppressant dosage reduction or withdrawal within three months should prompt the reevaluation of an EBVMCU diagnosis. (Hujoel et al., 2018) The differential diagnosis of EBVMCU includes secondary involvement by Classic Hodgkin Lymphoma (cHL), diffuse large B-cell lymphoma (DLBCL) associated or not with EBV, primary cutaneous anaplastic large cell lymphoma, lymphomatous granulomatosis (LyG) and aggressive Posttransplant Lymphoproliferative Disease (PTLD). (Gru & Jaffe, 2016) Distinctions based solely on pathological findings can prove extremely difficult due to considerable overlap in morphology and immunophenotype; consequently, making correlations with clinical parameters is essential.
Main text

Patient characteristics and clinical course
We report two cases of EBVMCU compromising the oral mucosa and skin. Both patients were over 65 years and one was undergoing immunosuppressive treatment.
The first patient, a 67-year-old male, complained of weight loss and two cutaneous lesions on his back. Physical examination revealed one sharply demarcated ulcerative lesion measuring 5 cm, with raised edges and a yellowish center containing fibrin. The other lesion measured 2 cm and presented scarring aspects. His laboratory evaluation was negative for HIV, anti-HBsAg and HCV antibodies. Previous pathological history consisted of splenectomy due to hemorrhaging of unknown etiology. The second patient, a 74-year-old female, presented to her dentist with fever and a painful ulcer on her lower right alveolar ridge. She had a history of Sjögren's disease and had been taking methotrexate for 18 months. Laboratory examinations were negative for anti-HIV, anti-HBsAg, anti-HCV, VDRL, EBV (IgM), CMV (IgM) and HSV.
In both cases, lesions of the oral mucosa and skin regressed spontaneously without treatment.
Histology
The histopathological examination of the first patient revealed a sharply circumscribed cutaneous ulcer extending to the hypodermis, with large and pleomorphic mononucleate or binucleate cells resembling Hodgkin/ Reed-Sternberg cells, associated with an inflammatory background of small lymphocytes, as well as some eosinophils, plasma cells and histiocytes. Apoptotic cells and foci of necrosis were also observed (Fig. 1) .
The histopathological examination of the second patient revealed a necrotic mucosal ulcer and angioinvasion by large cells, some with Hodgkin/Reed Sternberg-like features, in an inflammatory background of small lymphocytes and rare eosinophils (Fig. 2) .
Immunohistochemistry
Immunohistochemistry was performed in paraffin sections using monoclonal antibodies against CD30, LMP-1/EBV, CD45, CD20, CD3, CD4, CD8, PAX5, OCT2, MUM1 and BCL6 (Table 1) . Sections were dewaxed in xylene and rehydrated using serial concentrations of ethanol. Heat-mediated antigen retrieval was performed, and endogenous peroxidase activity was blocked with 5% alcoholic hydrogen peroxide for 30 minutes. Slides were then incubated overnight with the primary antibodies. After primary antibody binding was detected by the EnVision® + Dual Link/Peroxidase system (Dako, Carpenteria, Ca, USA), sections were counterstained using Harris haematoxylin. (Table 1) .
Immunohistochemical analysis of the first patient depicted large pleomorphic cells positive for CD30, OCT-2, CD20, MUM-1, CD45 and EBV (LMP1). The base of the ulcer showed a dense rim of small lymphocytes positive for CD3, CD4, CD8 and CD45. CD8 positive T-lymphocytes were more abundant than CD4. (Tables 2 and 3) (Fig. 1) .
Immunohistochemical analysis of the second patient demonstrated large pleomorphic cells positive for CD30, OCT-2, CD20, MUM-1, CD45, PAX5 and EBV (LMP1).
The base of the ulcer showed small lymphocytes positive for CD3, CD4 and CD8, with some cells positive for OCT-2, CD45 and EBV (LMP1). CD8 positive T-lymphocytes were more abundant compared to CD4. (Tables 2 and 3) (Fig. 2) .
Discussion/conclusion
EBV-positive mucocutaneous ulcers have been recently described, and are characterized by an ulcerated lesion not associated with lymphadenopathy, hepatosplenomegaly or bone marrow involvement. This condition is usually associated with immunodeficiency. The majority of cases present an indolent course and can regress spontaneously. When associated with immunosuppressive therapy, treatment should be discontinued and/or associated with rituximab. Despite the fact that 30% of cases present clonal rearrangement of immunoglobulin and/or clonal T rearrangement, the prognosis is generally excellent. Clonality has also been observed in both polymorphic and monomorphic cases of PTLD. (Swerdlow et al., 2017; Dojcinov et al., 2010; Au et al., 2006; Kalantzis et al., 1997; Nalesnik et al., 1988; Di Napoli et al., 2011; Gru & Jaffe, 2016) The distinct localization of EBV-positive mucocutaneous ulcers is not fully understood. It has been suggested that this process might be a consequence of reduced immunosurveillance against EBV in sites rich in EBV-infected B-cells, such as the Waldeyer ring. It has also been speculated that EBV-positive mucocutaneous ulcers may result from chronic irritation, leading to decreased immune resistance and the localized proliferation of EBV-infected B-cells. (McGinness et al., 2012) The histopathological aspects of EBVMCU may present challenges to pathologists, as the presence of large pleomorphic cells around necrotic foci are suggestive of malignant lymphoproliferative processes. Morphological findings may be suggestive of a diagnosis of cHL, DLBCL associated or not with EBV, anaplastic large cell lymphoma (ALCL) or LyG. Immunophenotyping can also share similarities with these diseases, especially cHL. HRS-like cells typically express CD30, PAX5, LMP1/EBV and, sometimes, CD15. Some immunohistochemical findings could prove helpful in performing differential diagnosis. Firstly, the inflammatory background should contain abundant CD8-positive T-cells and a large number of EBV-positive plasmacytoid apoptotic cells, neither of which is common in cHL. Another important feature not typically seen in cLH but usually found in EBVMCU is positivity for CD45 and CD20 in large pleomorphic cells. Furthermore, LMP1/EBV expression is usually detected in small cells, immunoblasts and large HRS-like cells. Finally, it is important to note that since Hodgkin's Lymphoma is essentially a lymph node disease, extra-nodal involvement is generally secondary. (Swerdlow et al., 2017; Ohata et al., 2017) Another important disease to consider in the differential diagnosis of EBVMCU is LyG, a similarly EBV-driven B-cell LPD with angiocentric and angiodestructive features. LyG is rare, also commonly associated with immunosuppression, and is characterized by a background of small T-lymphocytes, with variable numbers of large atypical immunoblast-like cells, admixed with HRS-cells. Cells are positive for LMP1/EBV, CD20 and CD30, but usually not for CD15. Differential diagnosis relies on clinical presentation, as LyG typically compromises the lung, sometimes in association with other organs, more frequently the central nervous system (Swerdlow et al., 2017; Song et al., 2015) .
EBV-positive DLBCL is another important differential diagnosis. These tumors occur in apparently immunocompetent individuals, usually older than 50 years of age, and carry a poorer prognosis when compared with EBV-negative DLBCL. Presentation occurs at extra nodal sites in 70% of patients and can involve the skin. Morphologically, large lymphoid cells resembling centroblasts, immunoblasts or HRS-cells are present. The background is reactive with lymphocytes, plasma cells and histiocytes. Neoplastic cells express B-cell antigens, CD30 and EBV. (Swerdlow et al., 2017; Goodlad et al., 2017) .
In conclusion, EBVMCU poses a diagnostic challenge to the pathologist due to its histopathological similarity with some EBV-associated malignant lymphoproliferative disorders. A combination of clinical history, morphological findings and immunohistochemical features are crucial to achieving a definitive diagnosis, as well as to selecting appropriate therapy for affected patients. 
